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THE SYNTHESIS AND CHARACTERIZATION OF POLY[OXY(2-CHL0R0-1,4-PHENY- 
LENE)OXYTEREPHTHALOYL-B-OXY(2t2'-BIPHENYLENE )OXYTEREPHTHALOYL] AND 
POLY-[OXY(2-CHL0R0-1,4-PHENYLENE)OXYTEREPHTHALOYL-CO-OXY(2,2'-BIPHENY- 
LENE)OXYTEREPHTHALOYL]. 
Advisor: Professor Malcolm B. Polk 
Thesis dated May 1985 
The block copolymer, polyCoxy(2-chloro-1,4-phenylene)oxyterephtha- 
loyl-b-oxy(2,2'-biphenylene)oxyterephthaloyl], copolyester I, was pre¬ 
pared by the reaction of dinydroxy-terminated poly[oxy(2-chloro-l,4- 
phenylene)oxyterephthaloyl] and the di hydroxy-terminated flexible 
spacer, poly[oxy(2,2'-biphenylene)oxyterephthaloyl]. The block copoly¬ 
mer contained only 8.20 mol % poly[oxy(2,2'-biphenylene)oxyterephtha- 
loyl] and retained the DSC transitions of poly[oxy(2-chloro-l,4-pheny- 
lene)oxyterephthaloyl]. 
The random copolymer, poly[oxy(2-chloro-1,4-phenylene)oxytereph- 
thaloyl-co-oxy(2,2*-biphenylene)oxyterephthaloyl], copolyester II, was 
synthesized by polyesterification of £,o/-biphenol, chiorohydroqui none 
and terephthaloyl chloride in a ratio of 2:1:3. The random copolyester 
ii 
contained ca. equimolar £,o/-biphenylene and chiorophenylene moieties. 
The random copolymer melt depolarizes plane-polarized light. 
The random and block copolymers differed with respect to solubility 
in organic solvents, structure, mesomorphism, and thermal stability. 
Characterization of the polymers was accomplished by nmr and ir 
spectroscopy, solubility, DSC, optical polarizing microscopy, and vis- 
comet ry and gpc. 
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INTRODUCTION 
Aromatic polyesters have been widely studied and have been shown to 
have high levels of mechanical properties. They have wide applications 
in materials and chemical engineering.*"4 
An interesting property of some aromatic polyesters is their abili¬ 
ty to exist in liquid-crystalline phases.^'8 A liquid-crystalline 
phase is characterized by high orientational order, a structure inter¬ 
mediate between a three-dimensional ordered crystal and a disordered 
fluid. The liquid-crystalline phases are truly thermodynamic phases 
known as nematic, smectic, and cholesteric. 
Characteristic of the nematic phase is the partial parallel orien¬ 
tation of the molecules with an axis that coincides with the average po¬ 
sition of the long geometrical axis of the molecules (Fig. 1). The 
preferred direction (n) in space is arbitrary. It is however influenced 
by external forces such as surface forces and magnetic and electric 
fields.The centers of mass of the molecules in the nematic phase 
have no long range order. 
In the smectic phase different directions of the molecules within 
planes are possible. Also, two-dimensional short range order or one 
dimensional long range order can take place within the planes.^ The 
direction of the long axes could be tilted or parallel to the plane (Fig. 
2). The centers of gravity of the molecules are arranged in planes 
which are equidistant. Different types of smectic liquid-crystalline 
phases are known.^ 
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Fig. 1. Structure of nematic phase. 
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Fig. 2. Structure of smectic phase. 
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Fig. 3 shows a schematic representation of the structure of the 
cholesteric phase. In this phase the molecules have their center of 
gravity parallel as in the nematic phase. However, there are changes 
in the direction n about an axis perpendicular to the long axis of the 
molecules resulting in a twisted structure.^ 
Fig. 4 shows a representation of a^ isotropic liquid and a solid 
(body-centered cube) for comparison to the liquid-crystalline phases. 
Phase transitions take place between the crystalline state, the liquid- 
crystalline state, and the isotropic liquid as illustrated in Scheme 1. 
More complex transitions are possible.13 
The liquid crystal is described as thermotropic if the phase 
changes take place due to a variation of temperature (as in Scheme 1) 
and as lyotropic if the changes depend on solvent concentration. 
Certain molecular structural requirements are necessary to observe 
liquid crystallinity in polymers.^ The majority of liquid crystals 
having aromatic nuclei are rigid, linear, planar, elongated, and polari- 
rizable. In general, an aromatic polymer exhibiting liquid crystallini¬ 
ty would have the general structure shown in Fig. 5. 
Substitutents X or Y that do not broaden the width of the molecule 
are suitable for attaining liquid-crystallinity. The central linking 
units (A-S) containing multiple bonds along the long axis of the mole¬ 
cule that maintain the rigidity and linearity of the molecules are 
satisfactory in preserving liquid crystallinity. In accordance with a 
requirement of an elongated molecular structure, an increase in a 
4 
Fig. 3. Structure of cholesteric phase. 
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Scheme 1. Some Thermotropic Phase Changes Involving Nematic 
and Smectic Liquid-Crystals. 
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Fig. 5. Generalized structure of liquid-crystalline polymers. 
and/or b, such that the length of the molecule is very large compared 
with its diameter (assuming cylindrical geometry), improves its liquid- 
crystalline properties. Liquid crystallinity is usually enhanced by 
having polar groups along the molecular axis. 
Poly[oxy(2-chloro-l,4-phenylene]oxyterephthaloyl] has been shown 
to display thermotropic liquid-crystalline properties. 15,16 The authors, 
however, reported that the polymer is relatively insoluble in organic 
solvents and decomposes at the high temperature required for processing. 
The objectives of this work are to increase the solubility and 
lower the processing temperature of the liquid crystalline polymers 
studied for proper characterization of the anticipated mesophases of 
the polymers. These goals were to be achieved by forming a copolymer 
by introducing a flexible spacer between the mesogenic groups, poly- 
[oxy(2-chloro-l,4-phenylene)oxyterephthaloyl], to decouple the motion 
of the individual groups. 
In order to achieve the general structural requirements necessary 
for liquid crystallinity (discussed earlier), poly[oxy(2,2'-bipheny- 
lene)oxyterephthaloyl] was selected as the flexible spacer. Models of 
poly[oxy(2,2'-biphenylene)oxyterephthaloyl] (Fig. 6) show that it has a 
molecular structure that satisfies these requirements. 
Fig. 6. Molecular structure of poly[oxy(2,2'-biphenylene)oxyterephtha- 
loyl ]. 
In accordance with these requirements, the molecule is planar, 
elongated, and linear. The aromatic rings give the molecule a planar 
structure. Also ester functions are quite planar systems. Rigidity of 
the molecule is obtained by the aromatic rings and the ester groups. 
Though the ester functionality has no multiple bonds in the chain of 
atoms actually linking the aromatic rings, the conjugative interactions 
between the ester function and the rings lead to some double bond char¬ 
acter and a stiffer structure. The £,o/-biphenyl moiety is fairly 
stiff due to steric hindrance of the ortho-oxygen groups. These groups 
prevent complete rotation (360°) about the single bond connecting the 
rings. However, rotation about this bond (max 180°) still occurs. Thus 
polyCoxy(2,2*-biphenylene)oxyterephthaloyl] can be used as a flexible 
spacer. 
The polarizability of the molecule is enhanced by the ester func- 
tionnality and the linearity of the molecule is illustrated by the 
broken lines (Fig. 6). 
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Polymers containing only a single type of repeat unit are known as 
homopolymers. Copolymers are macromolecules consisting of more than one 
repeat unit, usually being arranged either at random (....ABBAABA....), 
in blocks (....AAAABBBB....), or alternating (....ABABAB....). These 
classes are illustrated in Fig. 7 together with the graft copolymer and 
random terpolymer. 
Different routes have been used to synthesize liquid-crystal 
copolymers.1?-19 In this work the reaction of dihydroxy-terminated 
poly[oxy(2-chloro-1,4-phenylene)oxyterephthaloyl] and dihydroxy-termi- 
inated poly[oxy(2,2'-biphenylene)oxyterephthaloyl] in the presence 
of terephthaloyl chloride was used to synthesize the block copolymer.^0 
The random copolymer was synthesized by solution copolymerization of 
monomers, £,jo'-biphenol, chlorohydroquinone, and terephthal oyl chlo¬ 
ride. 21 
The block and random copolymers are compared in terms of structure, 








Fig. 7. Molecular structural classification of copolymers. 
EXPERIMENTAL 
Measurements 
Inherent viscosities were measured at 30° with a calibrated Cannon- 
Fenske viscometer at concentrations of 0.5 g/100 ml of polymer in tri- 
fluoromethanesulfonic acid and m-cresol. 
The thermal properties were determined under a nitrogen atmosphere 
with the DuPont 990 differential scanning calorimeter. Visual observa¬ 
tions of thermal transitions under cross-polarized light were made using 
a Leitz Laborlux 12 Pol Microscope with a Leitz 350 Heat Stage. 
Proton NMR spectra of poly[oxy(2-chloro-l,4-phenylene)oxyterephtha- 
loyl], oligomer I; poly[oxy{2,2’-biphenylene)oxyterephthaloyl], oligomer 
II; and the block copolyester, poly[oxy(2-chloro-l,4-phenylene)oxytere- 
phthaloyl-b-oxy(2,2'-biphenylene)oxyterephthaloyl], copolyester I, were ob¬ 
tained in trifluoromethanesulfonic acid. The NMR spectra of the random 
copolyaster, poly[oxy(2-chloro-l,4-phenylene)oxyterephthaloyl-co-oxy(2,2 
biphenylene)oxyterephthaloyl], copolyester II, was obtained in deuterated 
chloroform. In all cases tetramethylsi 1ane was used as the internal stan¬ 
dard. All spectra were taken on the Varian EM-360 60 MHz NMR spectrometer. 
IR spectra were obtained using K3r discs and a Beckman 4240 IR spec¬ 
trophotometer. 
Solubility testing of oligomers and copolyesters was done in freshly 
distilled solvents. Composition of solvent mixtures were determined by 
assuming addivity of volumes. 
10 
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Melting points were determined using the Thomas Hoover capillary 
melting point apparatus. 
The carbon-13 NMR spectrum was determined in deuterated chloroform 
solutions using a Bruker WH-400 spectrometer at 100.6 MHz. 
Elemental analysis data were provided by Galbraith Laboratories. 
Molecular weight analysis of ccpolyester II was achieved at a concentra¬ 
tion of 0.01 g/10 mL of polymer in chloroform at a flow rate of 2.0 
mL/min with a Waters model 150C GPC, M730 data module, on 500-,lO^-, and 
10^-p-Styragel columns. 
Materials and Solutions 
The monomers, terephthaloyl chloride, chiorohydroquinone and 
biphenol were commercial products. Chiorohydroquinone was purified by 
recrystallization from dry chloroform. £,o/-Biphenol was recrystallized 
from freshly distilled 1-butanol. Terephthaloyl chloride was recrystal¬ 
lized from dry hexane. All monomers were dried and their melting points 
and IR spectra taken. 
o^-Dichlorobenzene, used as a solvent in the polyesterifications, was 
purified by fractional distillation and stored over molecular sieve. 
Preparation of Oligomer I, PolyÇoxy(2-chloro-l,4-phenylene)oxyterephtha- 
loyl]. Chiorohydroquinone (0.1515 mol, 21.90 g) and 250 mL £-dichloroben- 
zene were placed in a thoroughly-dried 500 mL three-necked round bottom 
flask fitted with a mechanical stirrer, thermometer, a reflux condenser, 
potassium hydroxide trap, and an inlet for nitrogen. To this mixture with 
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stirring was added terephthaloyl chloride (0.1500 mole, 30.45 g). The 
mixture was refluxed for 12 hr. 
After cooling, a sample portion of the reaction mixture was removed 
and precipitated in hexane and allowed to stand for 76 hr. The mixture 
was filtered and the residue washed three times with deionized water, 
once with chloroform, once with acetone, and finally with deionized water. 
The product obtained after the washings was dried in a vacuum oven at 100° 
for 60 hr and 29.20 g of the oligomer was obtained. The rest of the mix¬ 
ture was stoppered and stored at room temperature for further reaction. 
Preparation of Oligomer II, poly[oxy(2,2l-biphenylene)oxyterephthaloyl3. 
In a thoroughly-dried 500 mL three-necked round bottom flask fitted with 
a mechanical stirrer, thermometer, a reflux condenser, a potassium hydro¬ 
xide trap, and an inlet for nitrogen atmosphere was placed _o,_o'-biphenol 
(0.1515 mole, 28.20 g), and 250 mL of o-dichlorobenzene. To this mixture 
with stirring was added terephthaloyl chloride (0.1500 mole, 30.45 g). 
The mixture was refluxed for 10 hr. 
After cooling, a sample portion of the reaction mixture was removed 
and precipitated in hexane and allowed to stand for 48 hr. The mixture 
was filtered and the residue washed three times with deionized water, 
once with methanol, once with acetone, and finally with deionized water. 
The crystals were dried in a vacuum oven for 48 hr at 100° and 29.50 g 
of the oligomer was obtained. 
The rest of the mixture was stoppered and stored at room temperature 
for further reaction. 
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Preparation of Copolyester I, Poly[oxy(2-chloro-l,4-phenylene)oxytereph- 
thalo,yl-b-oxy(2,2*-bipheny 1 ene)oxyterephthaloyl]. After cooling, 100 mL 
of each of the two different polymer solutions were mixed thoroughly in a 
500 mL three-necked round bottom flask fitted with a reflux condenser, 
mechanical stirrer, thermometer, and a potassium hydroxide trap, under a 
nitrogen atmosphere. To this stirred mixture was added terephthaloyl 
chloride (0.00990 mol, 2.00 g) and 150 mL of £-dichlorobenzene. The 
stirred mixture was refluxed for 12 hr. 
After cooling, the block copolyester was precipitated in hexane 
(excess terephthaloyl chloride remains in solution) and allowed to stand 
for 48 hr. After Alteration, the residue was washed twice in acetone, 
three times with deionized water, once in methanol, and finally with de¬ 
ionized water. The copolyester (29.6 g) was obtained after drying in a 
vacuum oven at 120° for 48 hr. 
Preparation of Copolyester II, Poly[oxy (2-ch ioro-l,4-phenylene)ox.ytereph- 
tha 1 oy 1 -co-oxy(2,2'-biphenyleneoxyterephthaloyl]. A 250 mL three-necked 
round-bottom flask, equipped with a mechanical stirrer, a nitrogen inlet, 
a thermometer, a reflux condenser and a potassium hydroxide trap was 
charged with chiorohydroquinone (0.0303 mole, 4.38 g), 0,0/-biphenol 
(0.0606 mole, 11.3 g), terephthaloyl chloride (0.0909 mole, 18.5 g), and 
200 mL of dry £-dichlorobenzene. The mixture was refluxed for 12 hr. 
After cooling, the random copolyester was precipitated in hexane and 
allowed to stand for 48 hr. The hexane was decanted and the polymer al¬ 
lowed to stand in acetone for 48 hr. After Alteration, the residue was 
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washed twice with deionized water, once in methanol, and finally with 
deionized water. The copolyester (32.3 g) was obtained after drying in a 
vacuum oven at 100° for 48 hr. 
RESULTS AND DISCUSSION 
The synthetic route leading to the block copolyester, poly[oxy(2- 
chloro-1,4-phenylene)oxyterephthaloyl-b-oxy(2,2'-biphenylene)oxyterephtha- 
loyl], copolyester I, is outlined in Scheme 2. The preparation of the 
random copolyester, poly[oxy(2-chloro-1,4-phenylene)oxyterephthaloyl-co- 
oxy(2,2*-biphenylene)oxyterephthaloyl], copolyester II, is illustrated in 
Scheme 3. 
The syntheses of both the block and random copolymers were designed 
to liberate HC1(g). The greater reactivity of acid chlorides encouraged 
the use of acid chloride rather than acids. The liberation of HC 1(g) 
shifts the equilibrium of the reactions (as written) to the right. Thus 
high molecular weight products were obtained. 
Characterization 
The oligomers and copolymers were characterized by solubility, solu¬ 
tion viscosity, gpc, elemental analysis, and spectroscopic techniques 
(IR, proton and carbon-13 NMR). Thermal analysis data were obtained by 
DSC and optical polarizing microscopy. 
Characterization of monomers was achieved by melting point detection 
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Scheme 2 Synthetic Route To Poly [Ox/2-Chloro-l,$-Phenylene)- 
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17 
°-* •*■**' > * - JL^JL 
l.o- dichlorobenzene 
2. reflux 




Elemental analysis indicated that the block copolymer, poly[oxy(2- 
chloro-l,4-phenylene)oxyterephthaloyl-b-oxy(2,2'-biphenylene)oxyterephtha- 
loyl], consisted of only 8.20 mol% poly[oxy(2,2'-biphenylene)oxytere- 
phthaloyl]. Anal, found for copolyester I, C34H19O8CI: C, 63.57; H, 
3.09; Cl, 11.91. The difficulty of incorporating a larger amount of 
poly[oxy(2,2'-biphenylene)oxyterephthaloyl] into the block copolymer is 
attributed to steric hindrance about the biphenylene moiety. Models of 
oligomer II show that in order to achieve linearity of the polymer struc¬ 
ture, the two oxygen and phenylene bonds of the biphenylene system must 
be parallel to each other (See Fig. 6). When the two groups are parallel, 
steric interactions between the oxy-group and phenylene moiety are maxi¬ 
mized, thus decreasing the reactivity of the oxy-substituent (Fig. 8). 
Fig. 8. Molecular structure of oxy(2,2'-biphenylene) showing steric 
In order to incorporate a greater amount of poly[oxy(2,2'-bipheny- 
lene)oxyterephthaloyl] into poly[oxy(2-chloro-l,4-phenylene)oxyterephtha- 
loyl], a random copolymer was synthesized using twice the molar concentra¬ 
tion of £,o/-biphenol as chiorohydroquinone. Elemental analysis of the 
interaction. 
19 
random copolymer showed that it was 49.1 mol% poly[oxy(2,2'-bipheny- 
1 ene)oxyterephthaloyl]. Anal. Calcd for copolyester II C34H1gOsC1 : C, 
69.15; H, 3.22; Cl, 5.93. Found: C, 68.87; H, 3.43; Cl, 6.04. 
Nuclear Magnetic Resonance Analysis 
The proton NMR spectra of oligomer I, oligomer II, copolyester I, 
and copolyester II are presented in Figs 9, 10, 11, and 12, respectively. 
All spectra indicated the presence of only aromatic protons at 7.0 - 8.0 
ppm. 
The presence of proton chemical shifts at 6 9.2, 9.0 and 8.7 in the 
NMR spectrum of oligomer II (Fig. 10), could be attributed to decomposi¬ 
tion of the oligomer to carboxylic acid terminated groups by the very 
strong acid used as solvent, trifluoromethanesulfonic acid. 
For comparison, the NMR spectrum of the solvent, trifluoromethane¬ 
sulfonic acid, used to dissolve the polymers is included as Fig. 13. 
The carbon-13 NMR spectrum of the random copolyester, copolyester 
II, is presented as Fig. 14. Table 1 contains the chemical shifts of 
copolyester II (in ppm) relative to tetramethylsilane. 
The resonances represented by C-l-6 belong to the biphenylene moiety. 
Due to the electron-releasing effect of the phenylene group, C-l is at 
highest field. C-9-14 represent the chloro phenylene carbons. The 
downfield shift of C-9 relative to C-12 indicates that both carbons 
are in different environments created by chloro substitution at C-10. 
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Fig. 14. 13c J^R Spectrum of copolyester II. 
26 
symmetry of the chloro phenylene moiety results in C-14 being upfield of 
C-ll. 
The randomness of the copolyester is indicated by the chemical shifts 
of C-7, 8, 15, and 16. C-15 is downfield of C-7 due to the electron 
deficient environment created by the terephthaloyl group interacting with 
two chiorophenylene groups. 
The carbonyl carbon (C=0), C-17, is assigned a chemical shift of 
164.2 ppm. 
Table 1. NMR Spectrum of Copolyester II Showing Carbon Numbers 


















Polarizing Optical Microscopy 
Under polarized light, copolyester I showed complex behavior. After 
shearing of the cover slip, the block copolyester began to glow in small 
spots with no preferred orientation in the temperature range 270-320°, 
A gradual darkening of the crystals during heating in the temperature 
range 320-350° was observed which was due to decomposition of the polymer 
in air. No evidence for liquid crystallinity was observed for copolyester 
I below its decomposition temperature. 
The random copolyester, copolyester II, showed interesting behavior. 
In the temperature range 170-200° the crystals began to glow. Between 
200° and 250° under crossed polarizers the polymer appeared as a red, 
blue, and green biréfringent fluid phase; in the absence of the cross¬ 
polarizer a clear fluid appeared. This behavior is representative of a 
crystalline to nematic phase transition. Above 280° the red fluid dis¬ 
appeared. The partial disappearance of the optical anisotropy results 
when the polymer passes to an isotropic fluid state, the intermolecular 
interaction becoming weak so that the liquid-crystalline structure is 
destroyed. When the polymer is stressed by movement of the cover slip 
at about 200°, the crystals are observed to align in an approximately 
parallel orientation. At about 240° motion could be observed in the 
polymer. This motion became rapid at 320°. This observation is attri¬ 
buted to melting of the polymer crystals to an isotropic liquid. These 
observations indicate that while the polymer main chains are sufficiently 
strongly linked, i.e. in the glass and viscoelastic state up to the Tm, 
optical anisotropy prevails, 
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These results provide evidence for the thermotropic liquid crystal¬ 
line properties of copolyester II. 
Oligomer I began to glow in the polarizing microscope at about 260°. 
Softening and partial decomposition of the oligomer was observed at about 
340°. Softening and glowing of oligomer II was observed at about 70° and 
formation of a blue isotropic liquid was observed at 110°. 
Differential Scanning Calorimetry 
A glass transition temperature was observed for oligomer I at 120°, 
and endotherms at 275° and 318° (Fig. 15). The endotherm at 275° is 
attributed to a crystalline to nematic phase transition. The endotherm 
at 318° is due to the transition from a nematic to an isotropic fluid. 
A glass transition temperature at 50° was observed for oligomer II. 
The thermogram also reveals endotherms at 185° and 200°. The transition 
at 185° corresponds to melting of crystals to yield an opalescent fluid 
that, at 200°, becomes a clear isotropic melt (Fig. 16). 
Fig. 17 shows the DSC thermogram of copolyester I. It has glass 
transition temperatures at 160° and 235°, a recrystallization transi¬ 
tion at 330°, and a decomposition temperature of 350°. 
Copolyester II has a Tg at 90°, and a crystalline to liquid crystal¬ 
line transition at 145°. The crystals melt to yield an opalescent fluid 
at 165° and a broad melting transition to a clear isotropic fluid occurs 
between 180°-260° (Fig. 18). 
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Fig. 15. DSC thermogram of oligomer I 
30 
Fig. 16. DSC thermogram of oligomer II 
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Fig. 17 DSC thermogram of copolyester I 
32 
Fig, 18. DSC thermogram of copolyester II 
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Solubility 
Oligomer I and copolyester I were completely insoluble in water, o- 
dichlorophenol, ethyl acetate, tetrahydrofuran, pyridine, dimethyl sul¬ 
foxide (DMSO), anhydrous ether, and acetone at all temperatures up to the 
boiling points of the solvents. Both polymers were also insoluble in all 
binary mixtures of the solvents named above (in ratios of 1:2, 1:3, and 
1:1). The polymers were partially soluble in sulfuric acid at room 
temperature. They were completely soluble in trifluoromethanesul fonic 
acid at room temperature. 
The solution formed by oligomer I in trifluoromethanesulfonic acid 
is light brown while copolyester I formed a dark brown solution. 
The random copolymer, copolyester II, is completely soluble in chlo¬ 
roform, m-cresol, o-dichlorophenol, and trifluoromethanesulfonic acid at 
room temperature. 
Oligomer II is completely soluble in £-dichlorophenol, water, and 
tri fluoromethanesulfonic acid at room temperature. The solution formed 
in tri fluoromethanesulfonic acid is yellow. 
The requirement of a very strong acid, trifluoromethanesulfonic 
acid, to dissolve the block copolyester is the result of the presence of 
the insoluble substituted p-phenylene terephthalate moiety. 
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Viscosity 
The viscosity measurements indicated that oligomer I, II, and 
copolyester I had inherent viscosities of 0.39, 0.24, and 0.56 dL/g, 
respectively, at 30° in trifluoromethanesulfonic acid. Copolyester II 
had an inherent viscosity of 0.27 dL/g at 30° in m-cresol. 
The higher inherent viscosity of copolyester I relative to the two 
oligomers from which it is formed is indicative of block copolymer 
formation. 
Infrared Spectra Analysis 
The IR spectra of oligomers I and II and copolyesters I and II are 
presented in Figs 19, 20, 21, and 22, respectively, and the peak assign¬ 
ments are given in Tables 2, 3, 4, and 5, respectively. 
Oligomers I and II showed peaks at 3500-3400 cm"* (0-H stretch), 
possibly indicating that the polyester oligomers were capped with dihy¬ 
droxy end groups. 
All the polymers showed peaks at 1600, 1460, and 1420-1400 (aromatic 
nucleus), 1730 (ester C=0 stretch) and 1235-1240 (C-0 stretch) cm-*. 
Oligomer I showed a strong peak at 710 cm"* indicative of halogen sub¬ 


















































































































































Gel Permeation Chromatography 
The average molecular weights of copolyester II were Mn = 2200, = 
6500, and Mz = 11000 relative to polystyrene standards. The polydis- 
persity index fwas calculated as 2.9. 
w 
The average molecular weight distributions are affected by different 
molecular weight regions of a chromatogram. Effects in the changes in 
the high molecular weight region of the chromatogram are greatest on Mz 
while having very little effect on the Mn value. Conversely, changes in 
the low molecular weight region have a large effect on Mn and very little 
effect on the Mz. 
The end use properties (tensile strength, extrudability, etc.) can 
often be predicted by the values of specific molecular averages. The flow 
properties (brittleness) of a polymer are related to its Mn. Generally a 
polymer with low number average molecular weight would have better flow 
properties than one with a high number average molecular weight. A 
polymer with a high number average molecular weight would generally have 
high tensile strength compared to one with a lower number average molecu¬ 
lar weight. 
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Table 2. Absorption Peaks and Assignments for Poly[oxy(2-chloro-l,4- 
phenylene)oxyterephthaloyl], Oligomer I 
Functionality Energy/cm-! Assignment Remark 
-OH 3500-3400 -OH stretch broad 
ester C=0 1730 ester C=0 stretch 
C-0 1260-1235 C-0 stretch very broad 
Ar-X 710 halogen substitut¬ 
ed aromatic out- 
of-plane bending strong 


















Ar = Aromatic ring 
X = Halogen 
Reference: 1) Pasto, D. J.; Johnson, C. R. "Organic Structure Determina¬ 
tion"; Prentice-Hall: Englewood Cliffs, 1969; Chapter 4. 
2) Morrison, R. T., Boyd, R. N. "Organic Chemistry," 3rd Ed.; 
Allyn and Bacon, Inc: Boston, 1973; Chapter 13. 
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Table 3. Absorption Peaks and Assignments for PolyCoxy(2,2'-bipheny- 
lene)oxyterephthaloy], Oligomer II, IR Spectrum 
Functionality Energy/cm"l Assignment Remark 
-OH 3500-3400 -OH broad 
ester C=0 1730-1710 ester C=0 stretch strong and 
broad 
C-0 1240,1220 C-0 stretch strong 
broad, 
strong 
-OH 900 -OH bending medium 
aromatic C=C 1600 aromatic ring 
in-plane vibration 
weak 
aromatic C-H 3040 aromatic C-H 
stretch 
medium 















Reference: See Table 2 
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Table 4. Absorption Peaks and Assignments for PolyCoxy(2-chloro-l,4- 
phenylene)oxyterephthal oyl-b-oxy(2,2'-biphenylene)oxytereph- 
thaloyl], Copolyester I, IR Spectrum 
Functionality Energy/cm-* Assignment Remark 
ester C=0 1730 ester C=0 
stretch 
strong 
C-0 1260-1230 C-0 stretch very 
broad 
aromatic C=C 1590-1570 aromatic ring 
in-plane vibration 
weak 













o-disubstituted 740 o-disubstituted 
benzene 
weak 
Reference: See Table 2 
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Table 5. Absorption Peaks and Assignments for PolyCoxy(2-chloro-l,4- 
phenylene)oxyterephtha1oyl-co-oxy(2,2 ’-biphenylene)oxytereph- 
thaloyl], Copolyester II, IR Spectrum 
Functionality Energy/cm"l Assignment Remark 
ester C=0 1730 ester C=0 stretch strong 
C-0 1270,1230 C-0 stretch broad 



















Reference: See Table 2 
CONCLUSION 
PolyCoxy(2-chloro-1,4-phenylene)oxyterephthaloyl-b-oxy(2,2 '-bi pheny- 
lene)oxyterephthaloyl] has been synthesized and shown to retain the DSC 
transitions thought to be responsible for the liquid-crystalline proper¬ 
ties of poly[oxy(2-chloro-l,4-phenylene)oxyterephthaloyl]. 
Poly[oxy(2-chloro-1,4-phenylene)oxyterephthaloyl-co-oxy(2,2 *-bi - 
phenylene)oxyterephthaloyl] consisting of ca equimolar chlorophenylene 
and £,o/-biphenylene moieties was synthesized and shown to have thermotro¬ 
pic liquid-crystalline properties. It melts at about 240° and is soluble 
in chloroform. 
The synthesized poly[oxy(2-chloro-1,4-phenylene)oxyterephtaloyl-co- 
oxy(2,2'-biphenylene)oxyterephthaloyl] had the following average molecu¬ 
lar weights; Mn = 2200, My, = 6500, and Mz = 11000. 
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